Abstract. Taking the ship that is typical complex product as the research object, and the national shipbuilding industry patent database as the data source. Through the establishment of a set of patent portfolio analysis indicators, there is a comparative study of the shipbuilding technology innovation capabilities of China, South Korea, and Japan, respectively from three major technical fields (hull structure technology TP1, ship power plant technology TP2 and ship outfitting and other equipment TP3) and three indicators of R&D efficiency, R&D scale, and R&D speed (relative to patent position RPP, explicit patent advantage RPR, and relative growth rate RDGR). The results show that China, Japan and South Korea have different technological innovation capabilities in the shipbuilding industry, due to different development histories and adopting different technological innovation strategies. However, as a whole, Japan and South Korea have great advantages in their respective core technology areas. At present and for some time to come, Japan will pay more attention to R&D efficiency, South Korea will pay more attention to R&D scale, and China will pay more attention to R&D speed.
Introduction
In the development of national economy, the shipbuilding industry has always provided major equipment for national shipping, marine development and national defense construction. It is a strategic industry combining military and civilian use, and an export-oriented industry with international competition [1] . With the rapid growth of global trade volume and the rise of marine transportation and marine oil and gas related industries, the rapid development of the world shipbuilding industry has been greatly promoted, and governments around the world are paying more and more attention to the development of the domestic shipbuilding industry [2] . Patent data has been widely recognized as an indicator of technological innovation capabilities, particularly in high-tech industries ( . As a competitor, Japanese and Korean shipping companies will certainly invest a lot of energy to enhance their technical capabilities through strategic patent activities [3] .
Literature Review

Patent Portfolio Connotation and Function
The concept of patent portfolio was first proposed by German scholar Brockhoff in 1991. It refers to the objective and scientific combination analysis of the technical position and market position of patented technology by establishing a series of qualitative and quantitative indicators that can measure the potential value of patents [4] . Later, Ernst and other scholars further expanded the patent portfolio. Ernst (1998) introduced two types of patent portfolio models for enterprise strategic technology management, one is the patent portfolio at the enterprise level, and the other is the patent portfolio at the technical level, which is the patent-based technology field [4] . Ernst (2003) comprehensively summarized the role of patent portfolio in competitor monitoring and technology evaluation, inter-enterprise M&A management, and human resource management, and proposed a feasible patent portfolio empirical analysis framework and indicator system [5] . Subsequently, Fabry and Ernst (2006) conducted an empirical study of the world's nutritional supplement industry based on the patent portfolio indicator system for competitor monitoring and technology evaluation proposed by Ernst (2003) [6] .
Patent Portfolio Analysis Indicators for Technological Innovation Capabilities
Ernst et al. used the patent portfolio to identify and evaluate the core technology competitiveness of related companies, and then to explore the ability to innovate in specific areas [7] . The patent portfolio analysis used in this paper includes the number of patents and a three-dimensional technical field (technical Domain-level patent portfolio).
(1) Technology attractiveness is measured by relative growth rate (RDGR). RDGR can reflect the changes in the development of a certain technology field. The target period can be divided into two periods before and after to calculate RDGR, that is, the average growth rate of patent applications in the previous stage of a certain technical field and the number of patent applications in the latter stage. The ratio of average growth rates [8] .
(2) Relative patent position (RPP) as a patent indicator to guide the company's research and development strategy (Brockhoff, 1992; Ernst, 1998) . The scale and intensity of innovation in a particular industry can be used to assess the technology gap with the strongest competitors [8] . The RPP calculation of a company in a certain technical field is based on the ratio of the patent ownership of the enterprise to the patent ownership of the most prolific competitive enterprises in the technology field.
(3)Many studies have applied RPA to the comparison of technological innovation capabilities at the company or national level, such as Grupp (1994); Hu (2012); Schmoch and Schnoring (1994); Wong (2007) et al. RPA is used for relative specialization to assess a country's comparative advantage in exports [9] . RPA is defined as the following formula [10] :
Where: represents the number of patent applications of enterprise in the technical field . When RPA is greater than 0, it indicates that enterprise has technical comparative advantage in technical field , and technical field is the research and development focus of enterprise .
Data Processing and Source
In this study, 10 representative IPC subclasses were selected for research. The ship is composed of many parts. According to the functions and functions of each part of the ship, it can be summarized into three parts: hull structure, ship power equipment, ship armor and other auxiliary equipment [11] . Therefore, the 10 IPC classification numbers identified above are divided into three technical fields according to their technical attributes. The three technical fields are as follows:
(1) Technical field 1-hull structure, collectively referred to as TP1, including 2 IPCs, namely B63B35, B63B9, which are related to the main hull and superstructure [12] . (2) Technical field 2 -Marine power plant, collectively referred to as TP2, including 5 IPCs, namely B63B1, B63H21, B63H25, B63H5, B63B21, which are associated with ship main engine, ship propeller, transmission equipment, ship shafting, auxiliary boiler, hydraulic Power units, generator sets related [13] . (3) Technical field III-ship armor and other ancillary equipment, collectively referred to as TP3, including three IPCs, namely H01L21, B63B27, B63B25, which are associated with ship deck equipment, piping systems, full ship systems, signal or lighting equipment, navigation Instrument or navigation equipment, ship defense attack equipment, ship auxiliary equipment [13] . The invention patent application data collected in this paper is from the State Intellectual Property Office. The data retrieval and downloading time was concentrated from March to April 2018, and the invention patents under the 10 IPC classification numbers applied by China, Japan and Korea in 1985-2017 were collected.
Comparison of Three Indicators of Shipbuilding Industry Technological Innovation Capability in China, Japan and Korea
This study uses a three-dimensional technical field to further explore the calculation results of China, Japan and Korea in the three core technical fields of the shipbuilding industry, such as technical attractiveness (RDGR), relative patent position (RPP) and dominant patent advantage (RPA). Table 2 shows. Figure 6 is a patent portfolio of China, Japan and Korea in the three core technical fields of the shipbuilding industry. The X axis represents RDGR, the Y axis represents RPP, and the RPA is displayed in the size of the circle. The larger the RPA is, the larger the circle is displayed. Conversely, if the RPA is smaller, the circle is smaller. If RPA<0, the circle is not displayed on the graph. Each shape represents a country, and each color represents a core technology area. As shown in the results of Table 1 and Figure 1 , it is not difficult to find significant differences in the technological innovation characteristics of Japan, Korea and China. 
Japan: Focus on R&D Efficiency
After calculating the average value of RPA (4.69), it is not difficult to find that the three major technical fields in Japan are located in the high RPA dimension. It can be seen that Japan pays more attention to R&D efficiency than R&D rate and R&D scale. When analyzing Japan's technical field TP2, its characteristics are not only that it has a higher RPA, but also the highest RPP, which means that its technical field TP2 has strong technological innovation capability. However, its RDGR is rare and shows a negative growth state, mainly due to the long history of Japanese shipbuilding technology development and the limitations of its innovative model. Japan's TP2 technology is close to saturation, but considering a large number of patents, it should not be underestimated. For the world's shipbuilding industry, Japan has successfully achieved strong control over the TP2 Japan through a technology niche strategy, ensuring its strong position in the power plant sector. But overall, this phenomenon also indicates that Japan's technology in TP2 has matured in recent years and technology research and development has entered a bottleneck period, and its development potential is limited. As of 2015, the localization rate of Japanese ship supporting equipment is more than 97%, it pays more attention to improving core technology capabilities rather than patents.
Korea: Focus on R&D Scale
Another rising star Korea has the highest RPP in both core technologies of TP1 and TP3, and after calculating the average value of RPP (0.72), it is not difficult to conclude that Korea is adopting a technological innovation strategy to expand the scale of research and development. The RPP in the field of TP2 is only second only to Japan, indicating that Korea's shipbuilding technology development in different core areas is more balanced and comprehensive, and it is also committed to meeting the technical needs of various fields in the shipbuilding industry, and further confirms its position within the industry. However, RPA shows that Korea only has technical advantages in TP1 and TP3, and the advantages of TP1 are not very obvious. It can be seen that although hull structure (TP1) and ship armor (TP3) are both traditional Korean technical advantages, TP3 is the key to Korea's future R&D focus and the advantages of maintaining shipbuilding. Although the localization rate of ship-equipped equipment in South Korea is not as good as that of Japan, it has also reached 87% or more. As the Korean shipbuilding industry enters a mature stage, based on the possession of more application knowledge and existing technologies, technological innovation capabilities tend to be saturated without external innovations such as new scientific discoveries.
China: Focus on R&D Speed
As a latecomer in China, after calculating the average value of RDGR (1.32), RDGR in China's three major technical fields are all in the high RDGR dimension, indicating that China focuses on accelerating the research and development rate of technology to improve its technological innovation capability. Although China's RPA is low in the three core technology fields, but with limited technical innovation resources and technical barriers, it uses technology specialization in the TP1 and TP2 fields to create its own technical comparative advantage (visible by RPA). Trying to form its own technological capabilities and build a competitive advantage in the world's shipbuilding industry. It can be seen from Table 2 that although the RPP of China's TP1 and TP2 is not high, it is close to or even surpassed by Korea and Japan in the same field, and the strength cannot be ignored. It is also worth mentioning that China's RDGR in three core technology areas is very high, with TP1 and TP2 surpassing Japan and South Korea, and TP3 is second with a slight disadvantage. Therefore, it is not difficult to see that similar to South Korea, China's technology layout is also quite comprehensive and balanced, and the development speed is like a broken bamboo. It is of course the most direct competitor of Japan and South Korea.
Research Conclusions
By constructing three technical fields to compare and analyze the three indicators of China, Japan and Korea's shipbuilding industry's technological innovation capabilities, the following main conclusions are drawn:
First, the trend of the number of patents in the three core technology areas of China's shipbuilding industry indicates that the shipbuilding industry's technological innovation capability started in the mid-1980s, but the substantial growth is after 2003, its evolution process. It confirms the process of reform and development of China's shipbuilding industry.
Secondly, the three-dimensional technical field analysis of China, Japan and South Korea in three representative countries in Asia, the advantage of explicit patents can directly reflect that the Chinese shipbuilding industry is not accurate enough to grasp the development trend of global ship technology in the future, and needs to reconsider technology. Break the direction. Obviously, the relative technological position is obvious.
